In this work, an analysis of the cutting speed and feed influence on surface roughness and microhardness of UNS A97075-T6 alloy, turned under dry conditions, was carried out. The results were compared before and after a corrosion process. The influence of these cutting parameters on each of these variables was analyzed, as well as the possible interrelation between them. The microgeometrical deviations showed a general trend to increase with feed. However, no significant modifications were observed as a function of the cutting speed. This trend was softer after the corrosion process, due to the surface alterations produced by pitting corrosion, which resulted in higher dispersion of the experimental data. In addition, a surface microhardness increment was observed in all samples, after machining and before corrosion, regardless of the cutting parameter values. The experimental results revealed that the mechanical effects, produced by the feed, should not be neglected against the thermal effects, produced by the cutting speed, within the range of the tested cutting speed. Finally, the corrosion process negatively affected the microhardness, but it was not possible to establish a direct relationship between the cutting parameters, surface roughness, and microhardness after a corrosion process.
Introduction
Pure aluminum or aluminum with a very low weight percentage of alloying elements (1000 series) has, among its mechanical properties, a low wear resistance and a low hardness. Therefore, the addition of alloying elements implies an improvement of the aluminum surface characteristics and mechanical properties, making these alloys one of the most used materials in the industrial activity [1] . One of the industrial sectors in which aluminum alloys are of great interest is the aeronautical industry. Their excellent density and mechanical properties make this type of material suitable for the manufacturing of aircraft structural elements. In particular, the 2000 (Al-Cu) and 7000 (Al-Zn) series are widely used for structural elements in the wings, the fuselage, or the tail of the aircraft [2] . These structural components are usually high-rigidity elements and, frequently, they need to be manufactured in one piece. In these cases, the machining operations are usually quite competitive from a productive point of view. In particular, milling operations are used for large pocketing operations in rib-shaped elements, drilling operations are frequent in the machining of holes for rivets, and turning operations are used to manufacture coupled parts with cylindrical shapes [3] .
Machining operations result in alterations in the surface of the stock material. These alterations not only affect their geometrical characteristics (at macro and micro scale) but also modify the physical-chemical and mechanical properties of the surface (residual stresses, microstructural alterations, cracks and microcracks, microhardness, corrosion resistance, etc.) [4] [5] [6] . All these alterations (both material properties and geometry) are part of the surface integrity concept [7] [8] [9] , which is one of the most valued aspects from the point of view of quality requirements, especially in structural elements for aircraft, where these requirements are very high due to functionality and reliability reasons [10] .
Lubricants or coolants, applied during the machining process (cutting fluids), are traditionally used to increase the productivity of these processes and the machined part functionality. However, the current trend regarding the use of sustainable manufacturing technologies led to a reduction in the use of these highly polluting substances. This resulted in the application of more efficient techniques, such as MQL (minimum quantity lubricant), or the total suppression of these substances (dry machining) [11] [12] [13] [14] [15] . In addition, aluminum alloys are frequently used hybridized with other materials, such as carbon fiber-reinforced polymers (CFRP) or titanium, to form structural elements, such as fiber metal laminates (FML) [16] . In those cases, the chip recycling (mixture of metal, carbon fiber, and cutting fluids) becomes complex and expensive. In addition, it should be pointed that CFRPs do not exhibit good behavior under the cutting fluid action [17] .
However, in dry machining, the thermal effects become more relevant compared to the effects of plastic deformation due to mechanical actions on the surface. This results in greater surface alterations at both microstructural and geometric levels [18] [19] [20] . Due to the high importance of the surface state in phenomena such as crack and microcrack initiation, which can affect significant properties such as fatigue resistance or corrosion [21] , it is necessary to analyze the effect of the machining input variables on the machined part surface integrity.
Thus, the surface microhardness of aircraft structural components is particularly relevant, given their influence on the bearing capacity and the wear resistance of these elements [22, 23] . In this sense, the cutting parameters are some of the most important machining input variables to keep in mind regarding this output variable. Although there are numerous works in the literature that analyzed the influence of cutting parameters on surface microhardness [24] [25] [26] , these studies should be completed in the case of dry machining of aluminum alloys.
Thus, Kurkute et al. [27] analyzed the feed and cutting speed influence on the cutting forces and the surface roughness of the UNS A96063 alloy, in dry-turning operations, in order to obtain the optimal machining conditions for low surface roughness (Ra) and high surface microhardness (HV). Cutting speed values between 10 and 50 m/min and feed values between 0.40 and 0.80 mm/r were used. A lower roughness and higher microhardness were obtained for intermediate feed (0.5 mm/r) and high cutting speed values (40 m/min). In addition, a potential model was developed in this work. That model allowed obtaining the microhardness as a function of the feed rate, the cutting speed, the cutting forces, and the number of machining steps (roughing and finishing).
Surya et al. [28] analyzed the cutting speed and cutting depth influence on the microhardness of dry-turned UNS A97075 alloy. Different cutting speed (50, 100, 200 and 300 m/min) and cutting depth values (0.3, 0.6 and 0.9 mm) were used, whereas the feed remained constant (0.05 mm/r). In this case, a surface microhardness decrease was observed when the cutting speed was increased. In addition, a reduction in the microhardness was also observed when the cutting depth was increased, but its influence was less noticeable. The authors attributed this behavior to the heat generation and dissipation on the machined surface.
As previously mentioned, the machining operation modifies the surface microstructure of the machined parts. In this regard, Rotella et al. [29] used microhardness measurements to evaluate the depth reached by these microstructural alterations, in the dry turning of UNS A97075-T651 alloy. Several hardness tests were carried out for different surface layer depths (up to 500 µm). A microhardness reduction was observed as a function of the depth, and it was finally stabilized at greater depths. The cutting speed and the tool-tip radius influence was also analyzed. The results obtained showed that higher cutting speed values resulted in greater microstructure modifications, with a reduction in the grain size. In addition, cutting tools with higher tool-tip radius generated a greater reduction in the grain size and higher values of surface microhardness, as a consequence of the contact surface reduction between the tool and the machined part.
Similarly, Campbell et al. studied the microstructure modifications as a function of the surface microhardness, in the dry turning of UNS A97075-T651 alloy [30] . In this case, the turning operations were carried out with a constant feed (0.076 mm/r) and cutting speed values between 360 and 720 m/min, while also varying the tool rake angle (0 • -15 • ). The authors indicated that the cutting speed increments and low tool rake angle generated a microstructure modification at higher surface depths, as a consequence of the temperature increment in the cutting area. Contrary to the results obtained by Rotella et al. in [29] , Campbell [30] stated that the microhardness in a closer area to the surface decreased until 50-µm depth. Once this value was reached, the microhardness tended to stabilize at higher values than the initial ones and, therefore, a more homogeneous microstructure was obtained.
With regard to the UNS A96061 alloy, Akkurt et al. [26] performed different conventional and non-conventional machining tests, in order to study the microhardness alterations induced by the process in the part surface. It was observed that, in all tested machining processes, the microhardness decreased in the most superficial layer of the machined part, compared to the starting material. This microhardness reduction is justified by the thermal effect of the machining operation on the machined surface. Moreover, this thermal effect is more important in surfaces that present greater irregularities and, therefore, less superficial microhardness.
On the other hand, 7000 aluminum alloy series have lower corrosion resistance compared to pure aluminum. Its main alloying element is Zn (~6%), which makes the appearance of the alumina protective layer (with higher corrosion resistance) more difficult [31] . For the 2000 and 7000 series, corrosion is usually localized, with the appearance of pitting common, as well as intergranular corrosion, which can be considered as the generation and nucleation points of microcracks that affect the continuity of the surface microstructure [32] [33] [34] .
Despite the lack of research studying the cutting parameter influence on corrosion behavior of machined parts, several studies revealed that low cutting speed and high feed values result in machined parts with lower corrosion resistance [35] [36] [37] . In addition, the surface microhardness has a close connection with corrosion resistance. The metallic material corrosion resistance depends essentially on the ability to form passive bonded layers and its mechanical properties. Usually, higher hardness and tensile strength can be related to higher corrosion resistance [36, 38, 39] .
Yue et al. [40] studied the effect of the immersion corrosion process (saline solution 3.5% NaCl) in parts of the UNS A92009 alloy, machined using three different techniques: turned with ceramic tool, turned with diamond tip tool, and WEDM (wire electrical discharge machining). The results revealed that the samples machined by WEDM showed less corrosion resistance than the turned ones. The authors justified this result due to the greater surface irregularity obtained after WEDM machining. In addition, turned parts with the diamond tool were less affected by the corrosion process.
Welcome at al. [41] evaluated the cutting parameters influence on the corrosion behavior of the UNS A92024-T3 aluminum alloy. After machining, the specimens were submerged in a saline solution (3.5% NaCl). Then, the surface finish after corrosion was compared with the initial one (after machining). The results showed that the use of lower feed and higher cutting speed resulted in a better corrosion resistance, as a consequence of the better surface quality of the machined parts.
As shown in the literature review, there are several studies that related the cutting parameters to surface properties such as microhardness and corrosion resistance in dry-machined aeronautical aluminum alloys. However, few studies included the feed as a parameter of influence. This may be logical, keeping in mind that most of these studies were carried out at high cutting speed values (above 100 m/min), where thermal effects (mainly influenced by the cutting speed) predominate over mechanical effects, in which the feed has a greater influence. However, as previously mentioned, these alloys are frequently used hybridized with other materials, such as CFRP and Ti, which require the application of lower cutting speeds. In addition, in no case were the synergistic effects between cutting parameters, geometric alterations, microhardness, and corrosion resistance analyzed.
Therefore, an analysis of cutting speed and feed influence on surface roughness and microhardness of UNS A97075-T6 alloy, turned under dry conditions, was carried out in this work. The results were Appl. Sci. 2020, 10, 1049 4 of 13 compared before and after a corrosion process. The influence of these cutting parameters on each of these variables (surface roughness, microhardness, and corrosion resistance) was analyzed, as well as the possible interrelation between them.
Materials and Methods
Several dry-turning tests were carried out in order to evaluate the cutting parameter influence on the surface microhardness of the aluminum alloy UNS A97075-T6. The tested alloy composition (% mass), obtained by arc atomic emission spectroscopy (AES), is shown in Table 1 . Cylindrical bars (diameter, D = 20 mm; length, L = 110 mm) were used as stock geometry to manufacture the specimens. The sample final geometry is shown in Figure 1a . A step (25-mm length) was machined at the end of the specimen, in order to ensure a proper grip to the chuck (Figure 1b ). A length of 65 mm was turned as the microhardness measurement area. The starting diameter was reduced to 17 mm in two stages. Firstly, a roughing operation was performed to reach 18 mm; then, a finishing operation was carried out to reduce the diameter to 17 mm. A new tool was used in this last operation, to ensure the same initial conditions. The machining operations were carried out in a CNC turning center.
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Al 6.03 2.62 1.87 0.19 0.09 0.07 Balance Cylindrical bars (diameter, D = 20 mm; length, L = 110 mm) were used as stock geometry to manufacture the specimens. The sample final geometry is shown in Figure 1a . A step (25-mm length) was machined at the end of the specimen, in order to ensure a proper grip to the chuck (Figure 1b ). A length of 65 mm was turned as the microhardness measurement area. The starting diameter was reduced to 17 mm in two stages. Firstly, a roughing operation was performed to reach 18 mm; then, a finishing operation was carried out to reduce the diameter to 17 mm. A new tool was used in this last operation, to ensure the same initial conditions. The machining operations were carried out in a CNC turning center. Different cutting parameter values were used to perform the finishing step. Their values are shown in Table 2 . The cutting depth (ap) remained constant in every test. To evaluate the thermomechanical effects of the cutting parameters on the surface micro-hardness, several values of cutting speed (vc) and feed (f) were used. As previously commented, it is necessary to emphasize that, although this alloy is not usually machined with low cutting speed values, its use hybridized with other materials forces the use of low values. The application of this cutting speed range, together with the analysis of the feed influence, is one of the main novelties of this work. Hence, 12 samples were machined (one for each cutting parameter combination). The used cutting tools were uncoated WC-Co inserts, with ISO reference DCMT 11T308-14 IC, a tool-tip angle of 55°, and a tip radius of 0.8 mm. Different cutting parameter values were used to perform the finishing step. Their values are shown in Table 2 . The cutting depth (a p ) remained constant in every test. To evaluate the thermo-mechanical effects of the cutting parameters on the surface micro-hardness, several values of cutting speed (v c ) and feed (f ) were used. As previously commented, it is necessary to emphasize that, although this alloy is not usually machined with low cutting speed values, its use hybridized with other materials forces the use of low values. The application of this cutting speed range, together with the analysis of the feed influence, is one of the main novelties of this work. Hence, 12 samples were machined (one for each cutting parameter combination). The used cutting tools were uncoated WC-Co inserts, with ISO reference DCMT 11T308-14 IC, a tool-tip angle of 55 • , and a tip radius of 0.8 mm.
In order to analyze the surface roughness influence on microhardness (before and after a corrosion process), the roughness profile was obtained. It is necessary to point out that the evolution of the microgeometrical deviations as a function of the cutting parameters, in the dry machining of this alloy, was widely studied. Nevertheless, in this work, the microgeometrical deviations were measured with a double purpose. On one hand, they may be used as an element of control and comparison with previous research. On the other hand, they could be useful to analyze possible synergistic actions between cutting parameters, hardness, surface roughness, and corrosion behavior. For this purpose, a Mitutoyo portable roughness tester, model Mitutoyo SURFTEST SJ-210, was used. The average roughness (Ra) and the maximum height of the profile (Rz) were used as parameters to evaluate the surface quality (Equations (1) and (2)).
where lr is the sampling length, Z(x) is the profile height, Zp is the peak height, and Zv is the peak valley of the roughness profile. Two measures were obtained along two different areas. The measurement was repeated along four specimen generatrix (G1-G4, 90 • apart; Figure 2 ). Therefore, eight roughness profiles were obtained for each specimen. The surface roughness measurement was carried out according to the UNE-EN ISO 4288: 1998 standard [42] . The used parameters are indicated below. In order to analyze the surface roughness influence on microhardness (before and after a corrosion process), the roughness profile was obtained. It is necessary to point out that the evolution of the microgeometrical deviations as a function of the cutting parameters, in the dry machining of this alloy, was widely studied. Nevertheless, in this work, the microgeometrical deviations were measured with a double purpose. On one hand, they may be used as an element of control and comparison with previous research. On the other hand, they could be useful to analyze possible synergistic actions between cutting parameters, hardness, surface roughness, and corrosion behavior. For this purpose, a Mitutoyo portable roughness tester, model Mitutoyo SURFTEST SJ-210, was used. The average roughness (Ra) and the maximum height of the profile (Rz) were used as parameters to evaluate the surface quality (Equations (1) and (2)).
where lr is the sampling length, Z(x) is the profile height, Zp is the peak height, and Zv is the peak valley of the roughness profile. Two measures were obtained along two different areas. The measurement was repeated along four specimen generatrix (G1-G4, 90° apart; Figure 2 ). Therefore, eight roughness profiles were obtained for each specimen. The surface roughness measurement was carried out according to the UNE-EN ISO 4288: 1998 standard [42] . The used parameters are indicated below. A Vickers hardness test was performed on each specimen, according to the UNE-EN ISO 6507-1: 2018 standard [43] . A non-machined specimen (stock bar) was used as a control element, to compare the results with the machined samples. The applied load was 0.05 kgf (0.05 HV), corresponding to a value of 0.49 N. The tests were carried out on two different generatrices, obtaining hardness results at four points (T1, T2, T3, and T4) on the same generatrix ( Figure 1b ). The hardness tests were carried out by using a MATSUZAWA MXT70 micro-hardness tester, with a pyramidshaped indenter (with a square diamond base and an angle between opposite faces of 136°; Figure 3 ). The temperature of the measurement area was controlled, remaining within the standard limits of 23 ± 5 °C [43] . A Vickers hardness test was performed on each specimen, according to the UNE-EN ISO 6507-1: 2018 standard [43] . A non-machined specimen (stock bar) was used as a control element, to compare the results with the machined samples. The applied load was 0.05 kgf (0.05 HV), corresponding to a value of 0.49 N. The tests were carried out on two different generatrices, obtaining hardness results at four points (T1, T2, T3, and T4) on the same generatrix (Figure 1b ). The hardness tests were carried out by using a MATSUZAWA MXT70 micro-hardness tester, with a pyramid-shaped indenter (with a square diamond base and an angle between opposite faces of 136 • ; Figure 3 ). The temperature of the measurement area was controlled, remaining within the standard limits of 23 ± 5 • C [43] .
Once the surface hardness was measured, the corrosion process for the machined and non-machined samples was carried out. The samples were placed by immersion within a corrosive environment. For this purpose, a solution of deionized water and NaCl (3.5% concentration) was used, keeping the specimens in that environment for 72 h.
During the corrosion process, the corrosive medium temperature was continuously checked, remaining at 26 ± 1 • C. In addition, a pump was placed in the solution to keep the saline medium moving and to avoid NaCl stratification, ensuring the corrosion process homogeneity on the surface of all samples. After the corrosion process, the surface roughness profile was measured in every sample (following the same methodology). After that, the hardness tests were carried out once again, under the same conditions previously described.
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where N is the number of grains, n is the grain size, nA is the apparent grain size, Q is the correction factor, and μ is the micrograph magnification.
Results and Discussion
Figures 4 and 5 plot the evolution of Ra and Rz, respectively, as a function of the cutting parameters, vc and f, before (Figures 3a and 4a ) and after (Figures 3b and 4b ) the corrosion process. These values were calculated as the average values of the experimental results, measured in four different lines along the specimens. Additionally, the Ra and Rz values of the non-machined sample were identified in the figures, in order to analyze the induced alterations by the machining process.
The results revealed that the feed was the most influential variable on surface roughness. Both parameters, Ra and Rz, showed a general trend to increase with f, regardless of vc. This trend was more noticeable from f = 0.10 to 0.20 mm/r. For samples before corrosion, Ra was three times higher for f = 0.10 mm/r than for 0.20 mm/r. For samples after corrosion, the effect of f was amplified, reaching Finally, scanning electron microscopy (SEM) and energy-dispersive spectroscopy (EDS) techniques were used in order to analyze the alloy microstructure and micro-composition, before and after machining. An etchant (2.5% HNO 3 , 1.5% HCl, 1% HF; 95% H 2 O) was used to show the grain structure. An image processing software was used to measure the grain size, according to the standard ASTM E112 "Standard Test Methods for Determining Average Grain Size" (Equations (3)-(5)).
where N is the number of grains, n is the grain size, n A is the apparent grain size, Q is the correction factor, and µ is the micrograph magnification. The results revealed that the feed was the most influential variable on surface roughness. Both parameters, Ra and Rz, showed a general trend to increase with f, regardless of v c . This trend was more noticeable from f = 0.10 to 0.20 mm/r. For samples before corrosion, Ra was three times higher for f = 0.10 mm/r than for 0.20 mm/r. For samples after corrosion, the effect of f was amplified, reaching four-fold higher values for 0.20 mm/r than for 0.1 mm/r. The feed influence was less evident in the range of low f applied (0.05-0.10 mm/r). For these low f values, Ra and Rz showed similar values to samples before machining.
With regard to v c , no significant modifications were observed in Ra or Rz when this parameter was modified. Therefore, the effect of the natural roughness, induced by the feed, was predominant over the thermal effects that cutting speed variations may have caused during the cutting process, such as the appearance of built-up edge (BUE), which may have affected the surface quality [5, 44] . In the dry machining of this alloy, this indirect adhesion tool wear is usually a consequence of the thermo-mechanical effects at high feed. Nevertheless, the effect of cutting speed becomes more relevant for low feed, giving rise to BUE with higher intensity for higher cutting speed values. However, the low cutting speed applied in this research made this effect less noticeable and, as a result, the cutting speed effect on surface roughness was almost negligible [45] [46] [47] .
It is necessary to point out that all these observations are in good agreement with previous research, in connection with the parametric analysis of surface roughness in the dry turning of the 2000 and 7000 aluminum alloys series [45, 47, 48] .
Regarding the corrosion process, no significate changes in Ra were observed. However, the dispersion in the results seemed to be a little bit higher. This fact was more evident for Rz. These results may be explained considering that Ra was calculated as an average value of peaks and valleys of the roughness profile, while Rz was obtained as the maximum height of the profile. The appearance of pitting and intergranular corrosion, mainly in the inter-metallic elements (Al 23 CuFe 4 ), resulted in surface irregularities that may have affected the values of the microgeometrical deviations at one point ( Figure 6 ). This effect was softened in the calculation of average values to obtain Ra.
In addition, an increment in Rz was observed after the corrosion process, regardless of v c and f. Only for the highest f (0.20 mm/r) was this increment slightly higher. A poorer surface quality, at high f, resulted in a higher corrosion effect, and vice versa. Hence, f seemed to be a little more influent only in the highest range of the tested values.
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In general, a surface microhardness (HV) increment was observed in all samples, after machining and before corrosion (Figure 7a ), regardless of vc and f. Its value was increased by 25% for a certain cutting parameter combination (f = 0.15 mm/r; vc = 60 m/min), regarding the non-machined sample. This fact can be explained taking into account that machining resulted in very aggressive conditions (high pressures and temperatures) in the cutting area, both in the tool and the part. The compression forces gave rise to a plastic deformation of the machined surface [49] , as well as microstructural alterations (finer grain structure), which resulted in strain hardening [29] (Figure 8 ).
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In general, a surface microhardness (HV) increment was observed in all samples, after machining and before corrosion (Figure 7a) , regardless of v c and f. Its value was increased by 25% for a certain cutting parameter combination (f = 0.15 mm/r; v c = 60 m/min), regarding the non-machined sample. This fact can be explained taking into account that machining resulted in very aggressive conditions (high pressures and temperatures) in the cutting area, both in the tool and the part. The compression forces gave rise to a plastic deformation of the machined surface [49] , as well as microstructural alterations (finer grain structure), which resulted in strain hardening [29] (Figure 8 ).
Regarding the cutting speed influence on microhardness, Figure 7a shows very similar HV mean values for v c = 40 and 80 m/min, whereas its mean value seemed to increase for v c = 60 m/min, for the intermediate range of f (0.10 and 0.15 mm/r). In addition, higher dispersion in the experimental results was observed for this cutting parameter combination. With regard to f, the best results (the highest HV) were obtained for f = 0. Therefore, the highest HV results were obtained when the intermediate range of cutting speed and feed values was applied. These results may be explained considering the effect that f and vc produce on the surface microstructure. On one hand, f increments usually produce a higher plastic deformation on the machined surface due to mechanical effects (strain hardening), whereas the thermal effects are usually lower [49] . Therefore, a finer grain microstructure is obtained, giving rise to HV increments. On the other hand, vc increments result in higher temperature in the cutting area [28] . The produced heat is removed from the cutting area by the chip, the tool, and the part. At high cutting speeds, most of the energy is dissipated trough the chip. For low cutting speeds (such as those used in this work), the dissipated energy by the chip becomes lower; thus, the dissipated heat through the tool and the part is increased. This fact results in a grain size increment and an HV reduction [29] . When vc is increased (within this low range), this effect becomes more relevant.
Hence, for low f (0.05 mm/r) and vc (40 m/min), mechanical effects predominated over thermal effects. The grain microstructure was finer than in the non-machined part (from 18.35 to 15.36 µ m average grain size), and HV was higher (Figure 8c ). For the intermediate range of f (0.10-0.15 mm/r) and vc (60 m/min), the mechanical effects were stronger (Figure 8b ). Thermal effects were increased but were not high enough to compensate for the mechanical effects. As a result, the grain microstructure was finer (14.04 µ m average grain size) than for low f and vc, and HV was increased. Therefore, the highest HV results were obtained when the intermediate range of cutting speed and feed values was applied. These results may be explained considering the effect that f and v c produce on the surface microstructure. On one hand, f increments usually produce a higher plastic deformation on the machined surface due to mechanical effects (strain hardening), whereas the thermal effects are usually lower [49] . Therefore, a finer grain microstructure is obtained, giving rise to HV increments. On the other hand, v c increments result in higher temperature in the cutting area [28] . The produced heat is removed from the cutting area by the chip, the tool, and the part. At high cutting speeds, most of the energy is dissipated trough the chip. For low cutting speeds (such as those used in this work), the dissipated energy by the chip becomes lower; thus, the dissipated heat through the tool and the part is increased. This fact results in a grain size increment and an HV reduction [29] . When v c is increased (within this low range), this effect becomes more relevant.
Hence, for low f (0.05 mm/r) and v c (40 m/min), mechanical effects predominated over thermal effects. The grain microstructure was finer than in the non-machined part (from 18.35 to 15.36 µm average grain size), and HV was higher (Figure 8c ). For the intermediate range of f (0.10-0.15 mm/r) and v c (60 m/min), the mechanical effects were stronger (Figure 8b ). Thermal effects were increased but were not high enough to compensate for the mechanical effects. As a result, the grain microstructure was finer (14.04 µm average grain size) than for low f and v c , and HV was increased. Therefore, the highest HV results were obtained when the intermediate range of cutting speed and feed values was applied. These results may be explained considering the effect that f and vc produce on the surface microstructure. On one hand, f increments usually produce a higher plastic deformation on the machined surface due to mechanical effects (strain hardening), whereas the thermal effects are usually lower [49] . Therefore, a finer grain microstructure is obtained, giving rise to HV increments. On the other hand, vc increments result in higher temperature in the cutting area [28] . The produced heat is removed from the cutting area by the chip, the tool, and the part. At high cutting speeds, most of the energy is dissipated trough the chip. For low cutting speeds (such as those used in this work), the dissipated energy by the chip becomes lower; thus, the dissipated heat through the tool and the part is increased. This fact results in a grain size increment and an HV reduction [29] . When vc is increased (within this low range), this effect becomes more relevant.
Hence, for low f (0.05 mm/r) and vc (40 m/min), mechanical effects predominated over thermal effects. The grain microstructure was finer than in the non-machined part (from 18.35 to 15.36 µ m average grain size), and HV was higher (Figure 8c ). For the intermediate range of f (0.10-0.15 mm/r) and vc (60 m/min), the mechanical effects were stronger (Figure 8b ). Thermal effects were increased but were not high enough to compensate for the mechanical effects. As a result, the grain microstructure was finer (14.04 µ m average grain size) than for low f and vc, and HV was increased. Finally, for the highest v c (80 m/min), the thermal effects became more relevant and compensated for the mechanical effects. Therefore, the grain size was greater and HV was reduced, reaching a similar size to that for low f values. Consequently, mechanical and thermal effects were mixed, and the feed mechanical effects could not be neglected against the thermal effects of cutting speed, within the range of the tested v c values. This fact made it more difficult to obtain a clear trend of HV as a function of the cutting parameters.
With regard to the HV results after corrosion, a general microhardness reduction was observed in the samples, both before and after machining (Figure 7b ). In addition, a higher dispersion was obtained in all the range of the tested cutting parameters. The irregularities in the surface, due to pitting corrosion, resulted in a higher dependence on the surface point where HV was measured. Similar average values were obtained for v c = 60 and 80 m/min and the sample before machining. The average value seemed to be higher only for v c = 40 m/min. However, it was difficult to establish a general trend, given the high level of dispersion that the results showed. Therefore, the corrosion process negatively affected microhardness, but it was not possible to establish a direct relationship between cutting parameters, surface roughness, and microhardness after a corrosion process.
Conclusions
In this work, the cutting speed and feed influence on the microhardness of dry-turned UNS A97075-T6 alloy samples was analyzed. The results were compared with the non-machined samples, before and after a corrosion process, in order to study the possible connection between cutting parameters, microgeometrical deviations, microhardness, and corrosion.
The microgeometrical deviations, evaluated through Ra and Rz, showed a general trend to increase with feed. However, no significant modifications were observed as a function of cutting speed. The natural roughness, induced by the feed, was predominant over the cutting speed thermal effects (such as surface alterations originated by the indirect adhesion tool wear). These observations are in good agreement with previous research regarding parametric analysis on surface roughness for the 7000 aluminum alloys series.
In addition, no significate changes in Ra were observed after corrosion. However, an Rz increment was observed, regardless of feed and cutting speed. For the highest feed value (0.20 mm/r), this increment was slightly higher. Therefore, feed seemed to be more influent for the highest tested values. Additionally, the dispersion in the results seemed to be higher for Ra. This fact was more evident for Rz. The appearance of surface alterations, due to pitting corrosion, resulted in a higher dispersion of the maximum height of the surface profile (Rz). This effect was softer for Ra, because it was calculated as an average value of the surface profile deviations.
In general, a surface microhardness (HV) increment was observed in all samples, after machining and before corrosion, regardless of v c and f. The highest microhardness was obtained for the intermediate cutting speed (60 m/min) and feed (0.10-0.15 mm/r) values. For low feed and cutting speed, mechanical effects predominated over thermal effects. This fact resulted in finer microstructure than in the non-machined part, giving rise to microhardness increments. For the intermediate range of feed and cutting speed, the mechanical effects were stronger. The thermal effects were increased, but not high enough to compensate for the mechanical effects. As a result, the grain microstructure was finer than for low feed and cutting speed. Finally, for the highest cutting speed (80 m/min), the thermal effects were more relevant and compensated for the mechanical effects, increasing the grain size and reducing the microhardness. Therefore, the mechanical effects, produced by feed, should not be neglected against the thermal effects, produced by cutting speed, within the low range of tested cutting speed.
A general microhardness reduction was observed in the samples after corrosion. However, a higher dispersion in the results was obtained in a wide range of cutting parameters analyzed, due to the irregularities in the surface produced by pitting corrosion. Therefore, the corrosion process negatively affected microhardness, but it was not possible to establish a direct relationship between cutting parameters, surface roughness, and microhardness after a corrosion process.
It is necessary to highlight that previous works in this regard usually focused on high-speed values of cutting speed, typically used on non-hybridized alloy. Under these conditions, the cutting speed is the most relevant cutting parameter and, therefore, thermal effects predominate over the mechanical ones. However, there is a gap in knowledge regarding the analysis of the possible influence of feed when low cutting speeds are used. Hence, this work covers this gap.
Finally, it is necessary to point out that this work is framed within a broader research line, currently in development, regarding the analysis of the cutting parameter influence on the surface integrity of UNS A97075 alloy, turned under dry conditions. This research line focuses on analyzing the relationship between cutting parameters, surface topography, and mechanical properties. 
